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APPLIED SCIENCES 


PROPERTIES OF HYDROSTATIC BEARINGS, OPTIMUM DESIGN ANALYZED 


Nanjing NANJING GONGXUEYUAN XUEBAO [JOURNAL OF NANJING INSTITUTE OF TECHNOLOGY] 
in Chinese No 1, 1980 pp 97-116 


[Article by Xu Shangxian [6079 1424 6343): “Analysis of the Properties of 
Hydrostatic Bearings and Optimum Design.” This article was received on 
22 December 1979) 


[Text] Abstract 


This article discusses the hydrostatic centripetal slide 
bearings of the capillary and orifice throttled multiple oil 
recess and circumferential oil groove. The properties of 
any number of recesses are analyzed based on the equation 
of continuity of flow to derive the generalized formulas 

for computer computation of the pressure in the recess, load 
capacity and stiffness, amount of flow and power loss. This 
article also explains the effects of some nondimensional 
design parameters upon the properties of the bearings. 


Because of higher and higher speeds of rotation of the shaft, 
heating and the rise in temperature of the bearings is a cri- 
tical problem. Therefore, for a given geometrical dimension 
of the recess, the computer has been used to calculate the 
optimum design under the constraints of maximum load capacity 
and stiffness using power loss as the target function. The 
penalty function is used to reduce the problem of constrained 
optimization to a series of problems of unconstrained optimi- 
zation and Powell's method is used to obtain the optimum 
solution. A detailed flow chart and FORTRAN program have also 
been written. 


I. Foreword 


Hydrostatic bearings rely on the oil pump to provide high pressure oil to the 
space between the shaft and the bearings forcefully forming an oil film. This 
in turn provides liquid lubrication at low speeds or even when the shaft is 
stationary and not rotating. Therefore they possess superior qualities of low 
resistance due to friction, .ong life, wide range of rotary speeds, and are 














shock proof. They are widely used in high precision lathes, large equipment 
and precision instruments. For the past 30 years, studies of hydrostatic 
bearings have been widely conducted. As Figure 1 shows, ordinary hydrostatic 
centripetal bearings use multiple oil recesses (4 to 6 oil recesses). In order 
to bear the load, high pressure oil channeled through the oil recesses must 
first be throttled. Ordinarily the throttle is a capillary throttle or an 
orifice throttle. Between two neighboring oil recesses, a circumferential oil 
groove is not recommended because when a circumferential oil groove is not 
present, the amount of flow required is small, and at a high speed of rotation, 
air flowing directly into the recesses from the oil groove because of the empty 
holes can be prevented. This article discusses the hydrostatic centripetal 
slide bearings of the capillary or orifice throttled multiple oil recess and 
circumferential oil groove. Analysis of this type of bearings is very complex 
because of the changes iu the radial gaps caused by axial eccentricity, the 
effects of journal rotation and the flow of oil through the oil recesses. The 
design parameters of the bearings are many (number of oil recesses N, diameter 
of the shaft D, viegosity uv, velocity v, gap c, pressure of entering oil Po» 


pressure ratio Pp “. width of the axial oil sealing surface &, width of the 


circumferential oil * sealing surface & , etc). The properties required of the 
bearings are also many (load capacity, stiffness, amount of flow, power loss, 
temperature rises, etc). They limit each other and conflict with each other. 
This forces us to comprehensively consider the influencing factors of all sides 
and use the computer to realize the optimum design. In view of the increasing 
speed of rotation of the shaft, heating and the rise in temperature of the bear- 
ings is a critical problem. This article discusses the optimum design with 
power loss as the target function under maximum load capacity and stiffness 

for given geometric dimensions of oil recesses. 




















Il, 


As shown in Figure 1, the top and bottom oil recesses are symmetric about the 
The center line connecting the shaft and the bearings is the 
The polar anele © is measured clockwise. 


vertical Line. 
polar axis of the polar coordinaces. 


Terms and Symbols 


journal diameter 
length of bearings 
length of oil recess 


width of axial ofl sealing surface 
width of circumferential oil sealing surface 


radial gap 

eccentric distance 

polar angle 

thickness of the oil film 

+ ecos 6), see equation (8) 
length of the capillary tube 


diameter of the capillary tube 
diameter of orifice 

flow coefficient of orifice 
speed of rotation of the shaft 


circumferential speed of the journal 

total number of oil recesses 

numerical order of the oil recess (mn = 1,2,....+.+++) 

angle of shift, i.e., the angle between the vertical line and the 
central line connecting the shaft and the center of the bearings 
central angle faced by the circumferential oil sealing surface 
oil viscosity 

oil density 

load of the bearings 

pressure of oil supply 


pressure in the nth oil recess 


speed of oil flow 
amount of flow 


power of the oil pump 
power loss due to friction 


total power loss, H = a. + He 


This article also uses the following nondimensional terms: 


A 
r 


ratio of eccentricity, ec 


ratio of the area of oil recesses and total area of the bearings 


28 
A. ” 6 “4 ‘L), 














[ --=<<-= ratio of the sum of the area of oi] recesses (area of oil recesses 
+ area of the circumferential oil sealing surface) 


ce (Ql - - sey, see equation (40) 


k «=== ratio of the width of the of] sealing surface k = fe 
es ----- aspect ratio of the oil recesses, see equation (14) 
P., ~"""" pressure ratio, nondimensional, P, = 2 » see equation (5) 
p 
6 =<<<« design parameter of the capillary throttle, see equation (6) 
, -————= design parameter of the orifice throttle, see equation (7) 


w --=== velocity parameter, see equation (15) 
W ----- nondimensional load coefficient, see equation (26) 
: ----- nondimensional flow coefficient, see equation (28) 
---== nondimensional power loss coefficient, see equation (31) 


Ill. Hypothesis 


The hypothesis used in this article is basically the same as the hypothesis used 
in Reference (1), summarized as follows: 


l. The model of the bearings is as shown in Figure | (Figure 1 illustrates 
bearings with four oil recesses. The model of the bearings discussed in this 

article can have N oil recesses). All oil recesses are equal in size and are 

evenly distributed in the circumferential direction. 


2. The fluid must not be compressed, and viscosity wy does not change at differ- 
ent positions on the bearings, i.e., » = constant. 


3. The flow of the liquid between the shaft and the oil sealing suriace is 
laminar flow. 


4. The depth of the oil recess is far greater than the radial gap, thus the 
pressure inside the oil recess can be assured to be generally even and equal. 


5. The width of the circumferential oil sealing surface is extremely small 
compared to the length of the circumference of the oil recess. Therefore, 
when calculating the load capacity of the oil recess, it is assumed to be the 
pressure exerted upon the oil recess along the arc drawn between the centers 
of the oil recess and the neighboring circumferential oil sealing surface. 


6. The pressure drop through each axial oil sealing surface is linear and the 
atmospheric pressure in the surrounding environment is regarded as zero. 


7. The gaps at each point on the circumferential oil sealing surface are 
different and their average value is used as the average gap of the carcum- 
ferential oil sealing surface. 


8. Because the width of the oil sealing surface is small, the effect of 
dynamic pressure caused by rotation of the shaft is neglected. 








9. There is no axial deviation between the shaft and the bearings, therefore 
the elastic deformation of the shaft and the engine base is neglected. 


IV. Equation of Continuous Flow 


The multiple recess hydrostatic centripetal bearings generally have four to six 
oil recesses. For general analysis, it is assumed that there are N evenly dis- 
tributed oil recesses (Figure 1 shows only four oil recesses). Let the pressure 
in the nth oil recess be P., and the pressure in the neighboring two oil recesses 


be Pant and Poel? where the nth oil recess extends from 6 = AL to 6 = Bae then 
in the equation, 


Ay = 5 (2n— 3) ~a (1) 
(m = 1, 2, weveeey N) 
Be = An + " = * (n-1) a (2) 


Also, let p > p ,» then the equation of continuous flow in the uth oil 
recess can Be! der ited 38*}o110ue: 


(1) The amount of flow Q; entering the nth oil recess via the throttle when 
the pressure of the oil supplied by the oil pump is P,: We know from fluid 
dynamics that for the capillary throttle: . 
Q, capillary = *4%_ ~ p.) = ( De'bs_\.3. (3) 
a capillary = 2t-— (pe— ped (“55 )-8 1B.) 


and for the orifice throttle: 


Q, orifice = 7K db)? op, ~ pe) -(“is i —)- ae ViRBe (4) 
= p 
where the nondimensional pressure ratio » ° s ; (5) 
s 
The nondimensional quantity 
(38 atl 
° ( 32 )( cL, D (6) 


is called the design parameter of the capillary throttle. 

















The nondimensional quantity 


wWaxudiK,l 


: V ppyre?’*D (7) 


is called the design parameter of the orifice throttle. 


(2) The amount of flow Q» flowing from the two sides of the axial oil sealing 
surface when the pressure in the nth oil recess drops to P.! 





























Figure 2. Figure 3. 


As Figure 2 shows, when the shaft has an eccentricity e, the gap at any angle 
6 (i.e., thickness of the oil recess) is 


h = c(1 + ecos 6) (8) 


When the wedge shaped gap opens up as shown in Figure 3, it is not difficult to 
derive the equation for the distribution of the velocity of flow on any given 
cross section from the equilibrium equation of micro-elemental bodies of the oil 
film, Newton's law of fluid flow and boundary conditions: 


*°-5 Sp. . yly-h) + Ae ey (9) 


We can see from the above equation that the speed of flow u at y consists of 
two terms, the former term is caused by the pressure gradient 2 , the latter 


term is caused by velocity v (equivalent to the circumferential velocity of 
the journal in the centripetal bearing). When the width in the z direction is 
b, the amount of flow is 


Q=6|" ady= - ,. OP yes bho (10) 

















Since 2 is negative in the equation, the actual value of the amount of flow 


thus obtained is positive. 


Based on the hypothesis (6), the pressure drop on the axial oil sealing sur- 
face is regarded as linear, i.e., 


op a. ~ Pe. Ba 
Ox I 7” 


For the axial flow on the axial oil sealing surface, the second term in equa- 
tion (9) is zero. Also, the gap h at each point on the axial oil sealing sur- 
face varies with angle 6, therefore, in the nth oil reces: under a pressure 
drop of Py? the amount of flow from the two sides of the axial oil sealing 


surface is 


aA ae d8 
Q:=2{ *dQ=a2l’ a p betas ecvs6) }’ 
_{ De’ ps y 
“(GPF ) + Fas Be 
De 
where Fa = [1 420030) *d (12) 
An 


(3) The amount of flow Q, flowing from the nth oil recess into the (n + 1) 
oil recess: 


Because the pressure in the neighboring oil recess is not the same and because 
of the rotation of the shaft, equation (10) shows there is circumferential flow 
between recesses. 


Because the gap h between the points on the circumferential oil sealing surface 
is not the same, analysis of equation (10) based on the demands of the 
continuity of flow shows definitely that 2p # constant as figure 4a shows. 


But the distribution of pressure cannot be easily determined. It can only be 
based on hypothesis (7). Taking the average value of the gap between the 
points as the average gap on the circumferential oil sealing surface! as shown 
in Figure 4b, we have 


3p = constant = Poe — hp -_- Por Bees , 


ax . 


Tie average gap on the circumferential oil sealing surface is 


1 (ert | 
hm = RB | c() + ecos8) dé 
Bn-$ 

















oe te , le 
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a) 
Figure 4. 6) 


Thus, we know from equetion (10) that the flow from the nth oil recess into 


the (n + 1) oil recess is 





Q,--4+. = a ls a ro eNeDle 


B apn 
De ee op) ( 1-+F): * He 


where the nondimensional quantity 


(a) (7X poem 1) _ Lol 
_— 
is called the aspect ratio of the oil recess. 


The nondimensional quantity 


buxN.D? 
c’ a De 


is called the velocity parameter. 


The nondimensional quantity 


1 (20"8 
Ha=5\ (14+ecos 0)d0 


is known from le 
Figure 1 where f=2N D 








(13) 


(14) 


(15) 





(16) 


(16') 











(4) Similarly, the flow Q, from the (n + 1) oil recess into the nth oil 
recess is: 


( 2<-Pe) 
Q.- ("inet [= P-1- ~Pa)* Hi, (7) 


+(7p) (0-7) | 


According to the principle of continuity of flow, the flow into the oil 
recess (Q; + Q,) = the flow from the oil recess (Qo + Q3), thus when the ori- 
fice is throttled: 


(AEP) a VIRB + (FEF) |me-Pdtta+0( (5) 


(- 2 \H...]- ben), Fa Ba+ (DEP!) [2m Bu — Bae) 


mt+o(7 (5) (1-1) ] 


PP A ho (18) 





This is the nonlinear equation for pressure p in the oil recess. In the 
equation PF is determined by equation (12): 


C,.=m:+ H3 (19) 


S.=(+)($) ( 1-7) ite. -H.) (20) 


where A is determined by equation (16). 


A comparison of equations (3) and (4) shows when the capillary tubes are 
throttled, we only have to change the A to 6 and the nonlinear term Yl - 5 
to the linear term (1 - p_) in the above equation and after combining the 
terms, we obtain the equation for the situation when the capillary tubes are 
throttled: 


—Ca-:Da-: + (FatCu+Co-, +3 Da —Ca Be. , =b-OSe (21) 


It is thus simplified to a linear equation. 

















Equations (18) and (21) are respectively the equations of continuous flow in 
the ath oil recess when the orifice is throttled and when the capillary tube 
is throttled. They are discussed in the following: 


In the equations, the order of the oi] recesses is n = 1,2,....N. We notice 
that when n= 1, p= P * Py Hoy = Hy @ Hye i-@-, the data of the nth of] 


recess; when n = N, Pre . Pret = Pye Magy * yyy * My dees, the data of the 


fireat oil recess 


P 

- ~ 7 (see equation (5)) 

n P, 
is a nondimensional quantity, the properties of the bearings are related to it, 
and it is an important parameter in the design of hydrostatic bearings.” 


The aspect ratio m of the oil recess is a nondimensional quantity and is deter- 
mined by equation (14). It describes the relationship of the inner dimensions 
of the bearings (width of the circumfereucial ofl sealing surface and the width 
of the axial oil sealing surface). It can be seen in the course of derivation 


of equation (18) that Fi affects the axial flow (see equation (11)), bo affects 
be 

the circumferential flow (see equation (13)), therefore m, as a measure of the 

ratio of circumferential flow between neighboring oil recesses and axial flow 

in the ofl recess, and used to clearly determine the degree of mutual effects 

of oil recesses, reflects the effect of circumferential flow upon the proper- 

ties of te bearings, for example, when ts is small, the effect of circumfer- 


ential flow is large, therefore it is another important parameter in the design 
of hydrostatic bearings. 


The design parameters 6 and \ of the throttles are nondimensional quantities 
determined by equations (6) and (7). They include the q ities such as the 
following: diameter 4, of the capillary tube (or diameter “%, of the orifice), 
radial gap c, pressure p, of oil supply, viscosity wy of the oil, density p and 
some other quantities selected by the designer to facilitate optimum design. 
Therefore, they are design variables of hydrostatic bearings. They describe 
the method of the supply of of] under pressure to the oil recesses and are the 
bases for designing the throttles. 


The velocity parameter w is a nondimensional quantity determined by equation 
(15). It reflects the effects of shaft rotation. 


Fecentricity « and angie of shift a describe the position of the shaft among 
the bearings, therefore the coefficients F., and H are only the functions of 
the position of the shaft among the bearings. 


Thus we know that in the derivation of the equation of continuous flow in the 
oil recess, the series of nondimensional quantities p_, a, 6, A, w that appear 
all have obvious physical significance. They are important design variables in 
the design of hydrostatic bearings and directly affect the properties of the 
bearings. 


10 

















Equation (18) or equation (21) ie the general continuous equation of the ath 
oil recess, thus it is applicable to all ofl recesses of the bearings. When 
we have N oil recesses and unknown oi] recess pressure Py, (nm = 1, 2,..566N), 
there will be N equations which can be solved simultaneously. For example, 
for the bearing with four of] recesses (see Figure 1), the continuous equa- 
tions can be written as follows in matrix form. 


When the orifice is throttled: 











(F,+C,4+C,) =C, — -C, 
‘=—C, (F,4C,4C,) <C, 0 

0 ~.=C, (F,+C,4+C,)) -C, . 

, =<C, 0 -C, (F,+C,+C,)| 


When the capillary tube is throttled: 





(F,+C,4+C,4+8) -C, 0 -C, Bi (do, 
-C, (F,+C,4+C,+8 ‘=C, 0 Pp s-0s,| 

0 -C, (F,+C,+C,4+8  -€, a 4-0, | — 
| -C, 0 —C, (F,+C,4+C, +O) W-oS, 


Based on the above group of continuous equations, we can obtain the pressure 
ratio P., of each oil recess and pressure Pp, when the eccentricity e = 0, 


i.e., © = 0, and the continuous equations (18) and (22) respectively degenerate 
to the following: 


When the orifice is throttled: 


of... a UH (24) 


and when the capillary tube is throttled: 


r _Né 


ae (25) 


where the pressure ratio is r = (P,), = 0 when the eccentricity is 0 and its 


value can be obtained easily. It is a very important parameter in the design 
of bearings. 


V. Load Coefficient W of the Bearings 


Based on hypothesis (5), it is assumed that the oil pressure in the oil recess 
acts along AB (see Figure 5). Now assume that the oil pressure in the oil 


recess is evenly distributed along the hypotenuse AB, = D sin i , then the 


resultant force of the oil pressure in the nth oii recess 


Ll 




















P. = peDle sinh 


The angle between the y axis and the central line of the ath ofl recess 
-( B,- )te~ ea) 


'. The horizontal component of P, 
(Pode Ps ny 
=~P.DLo sie Nt sin [47-0] 


and the vertical component 


(P.), =P. cosy = peDLs sin cos [Hin - »| 


Thue, the horizontal component of the total load of the entire bearing is 
. 
W.= DLs > po via % sin | 2% m—1) 
Drm vie fin | Hv] 


The veriical component of the total load of the entire bearing is 
S N 
Ws= DLs > pe soi % cos |-2% (9 — 
N [ (a »| 


and the total load of the entire bearing is 





When reduced to a nondimensional quantity, the defined load coefficient W 
is the ratio of the total load capacity of the bearing and the load capacity 


under pressure P. of the oil supply when the area filled with oil is a: Thus 


co , 
wy - p. DLs = J+ 9? (26) 


x 
whe re v.-> -. soy, sia [-44-c-1)], 


v.-S p. sinh, cos [-¥. (n— »| 








and in Figure 1, the defined load angle 


on te (27) 





Figure 5. 
VI. Flow Coefficient 6 of the Bearing 


To the entire bearing, the flow among the ofl recesses is the internal flow 
among the bearings and the total flow through all the bearings is 


N 
Q=- Ya, 
**' 
where Q. -—=— the flow in each throttle. 
For the capillary throttle: 


We know from equation (3) 


For the orifice throttle: 


We know from equation (4) 


. N™ 
Q- Det a: Sy 1-p. ~(222 eee -). Sv iene 
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When reduced to a nondimensional quantity, the defined flow coefficient 6 of 
the bearing is the ratio of the total flow through the bearings and the flow 
through the bearings when the eccentricity is zero and the pressure in all of 
the oil recesses is equal to the pressure P, of the of] supply, i.e., 


- : atk (28) 


.. For the capillary throttle: 


N 
O= 2 Su-p) (29) 


For the orifice throttle: 


N 
G- 4 Svi-e. (30) 


When the eccentricity is zero, equation (29) becomes 


0= oN=n » and subst itut ing 


equation (25) into it we get Q = r; and equation (30) becomes 


o- Fa ed Tar 
» substituting 


equation (24) into it we get = 4. 
VII. Power Loss Coefficient & 


The total power H lost by the hydrostatic bearing is equal to the sum of the 
power a, needed by the pump to supply the bearings with pressured oil and the 
Hy lost due to the fluid's viscous friction produced by rotation of the shaft 
around the bearings. The latter includes three parts: (1) friction loss on 
the axial ofl sealing surface; (2) friction loss on the circumferential oil 
sealing surface; (3) friction loss in the oil recess. 


14 














The defined power loss coefficient fi of the hydrostatic bearing is the ratio 
of the total power loss in the bearing and the power of the pump needed to 
supply the bearing with pressured oil when the eccentricity is zero, 


H (31) 


4a 
H» 1+Hs 


i.e., 
i] 2 oy Be “l+ 


The power of the pump needed to supply the bearing with pressured oil is 


Ho= p.Qu n0e oe. 0 (32) 


From equation (9) we know the shearing stress between oil layers is 








a, 4 1 & - uv 
7°82 &°s & (h—2y) + . h 
At the oil journal, y = 0, 
~4 OD. WwW (33) 
lone 8 Ge b 
op V 
and when Ss”? &.* ar / (34) 


(1) The friction power loss He) on the axial oil sealing surface: 
i tm 
The average gap on the axial oil sealing surface om 7a e(i+ecos @)db=c, 


to the axial oil sealing surface, the dimension is very short. The circumfer- 
ential pressure gradient caused by the effects of dynamic pressure can be 
small enough and negiected, i.e., we can assume that the circumferential pres- 


sure gradient 2p = 0, therefore from equation (34) we know that the shearing 
stress at the journal on the axial oil sealing surface is .. © an and the 
area of the axial oil sealing surface is A, = 2D, V = ND, The friction 


power loss on the axial oil sealing surface is 


Me, 2 eID'NE «x ,-(-20e 910 ) 
Kel 5) SAUL 





where (35) 

















(2) Friction power loss Heo on the circumferential oil sealing surface: 


On the circumferential oil sealing surface, according to hypothesis (7), the 
average value of the gaps at all points is used as that of the average gap, 

therefore the average gap on the circumferential oil sealing surface behind 

the nth oil recess is 


/ Bath 
hm=— |”  (i+ec0s 0d0=cH 
B Ba-§ 


(H_. is determined by (16)). At this time, we can assume that the circumfer- 
ential pressure gradient is 


Op _ = Pasi —Pe 
ax constant ~~ ?. 


then we know from equation (33), the shearing stress at the journal on the 
circumferential oil sealing surface behind the nth oil recess is 


~ hem , -asi— Pay BM, 
Tei 2 +-— V 


. The area of each circumferential oil sealing surface is A, =Lyte= Lp), 


and its friction resistance is (T, a i. * Ay, then from equation en, @ 
can represent V(= oN >? by w, on a power loss due to friction on the *y 


circumferential oil spaheun surface is 


Hn Y tr (: aDe a> KH. Bosse) + 7 


wher K,= -“f- (36) 


K = 8 (i) Ga) (0-4) sn 


(3) Power loss due to friction in the oil recess: 

For the hydrostatic bearing of low speed and deep oil recesses, the friction 
loss in the oil recesses can be neglected, but for a hydrostatic bearing of 
high speed, the friction loss in the oil recesses cannot be neglected. 


In the oil recesses, the moment of resistance due to friction resulting from 
the shearing of oil is caused by the pure viscous shearing stress when the flow 
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in the oil recesses is laminar and it is caused by the shearing stress of more 
complex turbulence and vortical movements when the velocity has surpassed the 
scope of laminar flow. Here, based on hypothesis (3), discussion will be 
limited to within the scope of laminar flow. Because the oil recesses are 
deeper (in general, the depths of the oil recesses are h, >» 50c, c --radial 


gap) and based on hypothesis (4), we can regard the pressure in the oil re- 
cesses as generally even and equal, i.e., 2. 0,3 therefore, from equation (34) 


ax 
we know the shearing stress at the journal of the oil recess is 


uve (38) 


Because the depth of the oil recess is far larger than the eccentricity, we 
can regard the friction resistance in all oil recesses as generally equal, thus 
the power loss due to friction in the oil recesses is 


oA 


whe re Kim Se 


© . area of oil recesses 
area of oil recesses + area of 
circumferential oil sealing surface 





Nl, 


1 | 
aD i, +h. (40) 


It can be seen from the above equation that when the velocity is not high and 
when the oil recess is deeper, the power .oss due to friction in the oil 
recesses is relatively small and can be neglected. 


The viscous friction power loss of the entire bearing is H, = H,, + H,. + H,., 
f fl £2 £3 
reduced to a nondimensional quantity, 


N 
FCO +Ky* > He Ds. ' ~ Pad +K, Sy +K.] (41) 
byl =" . 


Thus from equation (31) we know that the power loss coefficient of the entire 
bearing is H = 1 + He. 
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It can be seen from equation (32) and equation (41) and equations (35), (36), 
(37), (39) and (15) that power loss is mainly determined by the radial gap c 
and the velocity parameter w. The total power loss increases as the speed of 
rotation increases. In the low speed zone, the main power loss is the pump's 
power while in high speed zones, the major power loss is power loss due to vis- 
cous friction. 


VIII. Analysis and Discussion 


Based on the above computational formulas, the relationship between the series 
of properties (W, 9, fi) of the multiple recess hydrostatic bearing and changes 
in the design parameters (m, A or 6, w, P,, oF r) is as follows. 


Because there are too many parameters in the design of the bearings and to be 
able to draw the curves on a plane, only a few parameters can be fixed to ob- 
serve the effects of the variations of the other parameters upon the properties 
of the bearing. 


(1) The design parameters A or 6 of the throttles: 


The curves of variation of the load coefficient W along with changes in the | 
design parameters A or 6 are illustrated in Figure 6 and Figure 7 respectively.“ 
In the figures, each curve corresponds to a different eccentricity value ec. 

It can be seen from the figures that when there is no eccentricity (ce = 0), 

the pressure in each oil recess is equal, and obviously the bearing cannot 

bear any load. The greater the c, the greater the load capacity but it is 

limited by the smallest thickness of the oil film hajgy, (hggn * c (1 -e)). When 

a high speed hydrostatic bearing is used in a precision lathe (such as a 

grinder) to achieve processing precision as the main objective, ¢ must be small. 

For a given value of « and when the design parameter A (or 6) is of a definite 

value, a greatest load coefficient exists. It can be seen from equations (26) 

and (18) and (22) (or equations (21) and (23)) that the load coefficient W is 

a monotonic continuous function of A (or 6). 





W = f(a) or P= s(d)), 
From aw = 0 (or aw = 0) we can solve the value of A at W (or the value of 6). 
aA a6 max 


The curves of the flow coefficient ) as it varies with the changes in the design 
parameters A or 6 are shown in Figure 8 and Figure 9. 


(2) The aspect ratio m of the oil recess: As shown in Figures 6 and 7, when 
m+ 0, the width of the circumferential sealing surface t. is very large, 


there is minimal circumferential flow, ~.m = 0 can be regarded as indicating 

no circumferential flow, thus the pressure in each oil recess is calculated on 

the basis that all the oil flow only from the axial oil sealing surface. When 

m increases, more oil flows from the oil recesses of high pressure to the 
neighboring oil recesses of lower pressure, leading to a drop in the pressure 

in the oil recesses and the load capacity drops, as shown in Figure 6 and Figure 7. 
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Orifice throttled 
bearing 


Figure 6 


(Dotted line m = O; i.e., there is no 
circumferential flow; solid line m = 0.77) 


(47Q) 
é Orifice throttled 





Figure 8 


(Dotted line m = 0; i.e., there is no 
circumferential flow, solid line 
m = 0.77) 
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Capillary throttled 
bearing 


Figure 7 


(Dotted line m= 0; i.e, there is no 
circumferential flow, solid line 
m= 0.77) 


(4"@) 
Capillary throttled 


bearing 





Figure 9 


(Dotted line m = 0; i.e., there is no 
circumferential flow; solid line 
m = 0.77) 











This snows that when m is large, the effect of circumferential flow upon the 
load capacity cannot be neglected. We know from equation (14) that the method 
of increasing m is to reduce the width &. of the circumferential oil sealing 
surface between neighboring oil recesses, increase the width & of the axial 
oil sealing surface, increase the axial length Lp of the oil recess or reduce 
the diameter D of the shaft. 


It can be seen in Figure 8 and Figure 9 that m does not exert a great effect 
upon the flow coefficient 6. This is because m affects only the ratio of cir- 
cumferential flow and axial flow in the oil recess. But to the entire bearing, 
circumferential flow is internal flow and it basically does not affect total 
flow. 


(3) Velocity parameter w: 


There are two causes of circumferential flow: (1) pressure differential of 
neighboring oil recesses, and (2) velocity of rotation of the shaft. 


Figures 10, 11, 12 and Figures 13, 14, 15° respectively show the curves of the 
load W, flow Q and power loss H of the capillary throttle bearings as they vary 
with the velocity parameter w. 


Capillary throttled bearing Capillary throttled bearing 
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Figure 10 Figure 11 
Capillary throttled bearing Orifice throttled bearing 
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Orifice throttled bearing Orifice throttled bearing 
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Figure 14 Figure 15 


Figures 12 and 15 show the total power loss H increases as the speed of rotation 
increases. Figures 11 and 14 show the variation of the power loss of the pump 
is small, thus the power loss due to viscous friction H¢ increases (.'.H¢ = H - Hp) . 
This shows that in the low velocity zone, the major power loss is the power of 

the pump while in the high velocity zone, it is mainly loss due to viscous 
friction. 


The bearing can be designed according to these diagrams, for example, based on 
the load W, the eccentricity ¢, aspect ratio of the oil recess m, and the design 
parameter A or 6 of the throttles can be determined from Figure 6 or Figure 7; 
the flow Q can be solved from Figure 8 or Figure 9; the velocity parameter w can 
be determined from Figure 10 or Figure 13; and the power loss H can be solved 
from Figure 12 or Figure 15. But we must note that the prerequisite of Figures 


10-15 is: Ss 1.0; A. = 0.6. The following computer program for optimum design 
can provide the best fata and design properties for the design parameters of the 
bearings under any initial condition. 


IX. Optimum Design of the Hydrostatic Bearing 


By summarizing the above based on the hypothetical model of the bearing and by 
writing down the equations of continuity of flow and equations for energy loss, 
we obtain a series of computational formulas. For a specific fluid hydrostatic 
gene ripete! bearing, Pp, can first be computed from equations (22) or (23), then 

W, @ and fi can be complted from equations (26) and (28) or equations (29) and 
(31). The key to this analysis is to solve the nondimensional pressure P, of 
the oil recesses. For the capillary throttled bearing, these values can be 
obtained directly on the computer by solving the linear equations (23) using 
the inverse matrix method. 


Now we use the capillary throttled four oil recess hydrostatic centripetal 
bearing as an example. The matrix shown in equation (23) can be simplified as 


AX = B 


21 























where the matrix of the coefficients is 


(F,+C,+C, +8) -C, 0 =-C, 


A= -C, (F,+C,+C, +8) -Cc, 0 
0 -C, (F, +C, +C, +6) -C, 
-C, 0 —-C, (F, +C, +C, +8) 


The unknown column matrix is 


B, 


ad P, 
Xe! 5, 


“P. 


The constant column matrix is 


b6—-a@S, 

7 b6—oS, | 
d—-aS, 
-6—-@S,.¢ 


When we use the standard subroutine for computing the inverse of the matrix, 
we can obtain the inverse matrix aq of the coefficient matrix A, thus the 
solution of the linear equations is 


x = aig 


To increase the precision, the program flow chart illustrated in Figure 16 can 
be used. 


For the orifice throttled bearing, the damping least square method (Marquardt 
method) can be used. 





As mentioned previously, since the bearing has many design parameters and there 
are many properties of the bearings that have to be realized and they mutually 
limit each other, thus the influencing factors on all sides must be comprehen- 
sively considered and the computer is used to realize the optimum design. In 
view of the trend towards faster speed of rotation, heating of the bearing and 
the rise in temperature are a critical problem. ‘herefore, this article's dis- 
cussion of optimum design of the bearing takes power loss as the target function. 
In the design, it is always hoped that the load capacity can be greater and the 
stiffness of the bearing can be higher, therefore for given dimensions of oil 
recesses, the maximum load capacity and maximum stif fness® are taken as the con- 
straints. (If the given load is known, “lke constraining conditions would be 
that the load capacity of the oil film must equal the external load.) In addition, 
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Figure 16 


(1) Start 
(2) Using the subroutine to obtain the inverse of the matrix to solve the 
inverse matrix Dd. of the coefficient mutrix An= 1 


Predetermined precision required is ¢ 


(3) All elements in FO <e? 
(4) Yet 


(5) Dd, is the inverse matrix a“ sought 
(6) No 
(7) Stop 


because of the limitations of the hypothesis used in this article, the ratio 

of the total area of the oil recesses and the total area of the bearings cannot 
be less than 0.5. Otherwise, it means the area of the oil sealing surface rela- 
tive to the area of the oil recesses is too large and these assumptions will 

be incorrect. Therefore, we let A, > 0.5 be another constraining condition. 
Some of the bearing parameters can be given beforehand. Parameters that do not 
change in optimum design are called predetermined parameters. The parameters 
that directly affect the load and power loss are considered as variable design 
variables. In the design of the hydrostatic bearing, the speed of rotation N 
of the shaft often has already been determined in the total design of the 
machinery. Some other parameters such as pressure P. of the oil supply, radial 


gap c, eccentricity e, ratio of length and diameter L , viscosity »y and the 
D 
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number of ofl recesses N are frequently all given beforehand by the predetermined 
parametore. For example, in a high speed grin¢er, the main goal is to satisfy 
processing precision and surface smoothness, and the load capacity is not impor- 
tant. At thie time, the eccentricity « should be given beforehand according to 
the precision demands. In this way, equations (26) and equations (18), (21,) 
(22), and (23) show that the load coefficient © is related to ig , & and 

DD tL 
\ (or 6). In addition, equations (48) and equations (35), (36), (37) and (47) 
show the power loss coefficient fi is also related to te , & and \ (or 6). In 


D L 
fact, as and ‘ reflect the effect of the oil sealing surface, A or (6) reflects 


the effect of the throttle. Therefore, & 


+ iL and A (or 6) are considered as 
the design variables. The intermediate variables to be used (working variables) 
are W, 6, fi, a, py, po, ps are functions of the design variables and the pre- 
determined parameters. Therefore, the mathematical model of the optimum design 
problem of the fluid hydrostatic centripetal bearing is: 


Solving the design variable afte Jd (42) 
t=(-5 {40d} 
eo that the target function {(®) =e 


They satisfy the restraining conditions: 


7 
wi = 5, 5-0 (or the external load P - We 0 


«A,-(1-%.4 21 A lected to be 0.5 | “4? 
on (®) A. ( ] = eX 1--5-)«o ( r can be selected to 
The remaining rest raining conditions are 
ly on 
<p <n 
o<p<t (44) 
OSA (ord) 


Because the target function and the restraining conditions are nonlinear func- 
tions of the design variables, this is a nonlinear programming problem with 
constraints. In the optimum design of hydrostatic bearing discussed in this 
article, the expressions of the target function and the constraining conditions 
are more complex, and it is difficult to compute the derivatives. But they are 
still quadratic type functions, therefore it was decided to use the penalty 
function method and Powell's method which does not require the computation of 
derivatives for computing the optimum design. To reduce the problem of optimiza- 
tion with constraints (equations (42)-(44)) to a series of problems of optimiza- 
tion without conctraints, we can construct a new penalty function F(X) based on 
the quadratic type conditions of constraints (43) as follows: 
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Let 


ot () = (9, (®))" 
08) = FC lon) ont (2) 
then F(R) = {R) +M-Cot) + (2) ) (45) 


where the penalty factor M in the equation is a large positive number. In 
this way, the problem of optimum design with constraints expressed by equa- 
tions (42) and (43) becomes a problem of solving a series of unconstrained 
functions F(X) for their unconditional einima: 


Solving the design variable 
Xo{ 1 a ore } 

(46) 
so that the unconstrained target function a is 
minimum, while OM <M Mg CM eM, oo 

Ma= ©, 


We first begin by searching the outer part of the feasibility range. When we 
are far away fromthe border of the feasibility range, My is relatively emall. 
As M is taken as larger positive numbers, the solution of unconditional 
extrema X = X(M,) of the corresponding series of penalty functions (F(X, M,)) 
becomes closer and closer to the feasibility range. When M is taken to be 
sufficiently large (+ ©), the solution XK, (=K*) is the optimum solution obtained 
by gradually approaching the border of the feasibility range from the outside, 
i.e., the optimum solution of the original hydrostatic bearing design. Its 
program flow chart is shown in Figure 1/7. 


Because the expression (45) of the penalty function (F(X)) is complex, calcu- 
lating the derivatives is difficult, therefore a direct search method is used-- 
Powell's method.” Its program flow chart is shown in Figure 18. 


The one dimensional search in the program flow chart (Figure 18) of Powell's 
method used the 0.618 method. Its program flow chart can be located in 
Reference (11). 


The design equations and optimum design programs combined in Figures 16-18 
described above provide the method of computation for the optimum design of 
the design variables tc , & and A (or 6) using the computer, and taking power 


loss as the target furet iok and the load capacity and stiffness as constraints. 
The FORTRAN program for the design of the four recess hydrostatic centripetal 
bearing has been written and compiled according to this flow chart. Based on 
this program, the best data for the rational selection of dimensions of the 
oil recesses and the design parameters of the throttles in the design of 
hydrostatic bearings can be obtained. 
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Key: 

(1) Start , , 

(2) First select ™ » solve 1 from equation (2) in equations (50), first 
select the value of A (or 6) as the starting point for the initial 
search x (K) 

- ~l 


Let K = 0, let si" 


tc £ 


be the direction of the coordinate axis of the 


Euclidean space constructed by the variables >t? > (or 6), 


B @ BeBocccocces mn, n= 3, the precision required is = 0.0001 
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[Key to Figure 18 continued) 


(3) Use the one dimensional search for A, to obtain the minima of 


ra | + wy ny and determine the step length \y 
, (KD). CK). CK), g(K) 
(3') Let Ye KO eA 8 
(4) Wo 
(5) Yes 
(K)  4.(K) — J (K) 
(6) Compute Koel x, x 0 
(K) (K) K 
(7) Compute max! % 42) ~ £(X ‘ Yea, i= 1,2,...0 
Let m represent the e direction of a® 
(8) Whether (1) £0K°) > eax 
(2) (£0~ 2s 6 My), 
rene) - cx) ~ 6)? 20.5 0 
(K) (K) 
K «1 (K) 
(9) Let S) = § ‘ 
(10) Output 
(11) Whether et < es 
? 
x’ 
x ‘ x | & 
(12) Substitute s™ for e. the remaining . e. te 1, won 
(when i # m) 


(K) 


(13) Solve the minima of f a) from X™ in the § direction and let 


~ be the equivalent of we 


(K+1) . ,(K) 


(14) Let Xo atl 

















FOOTNOTES 


1. The author of Reference (1) used the gap at the central point on the 
circumferential oi] sealing surface as the average gap. This basis is 
somewhat incorrect, especially when the eccentricity « is large, the 
error is large. 





The author of Reference (3) corrected this and used the average value of 
the gaps on the circumferential oil sealing surface as the average gap, 
but a mistake was made in the derivation. The main mistakes were taking 


' 
Bah s ae ; a,*§ d6 : 
laa beg 
and taking - , 
yan ’ 7 ne 
Lf), _(t-reeon ae] a B\e-s° (1 +ecos 6)'d@ 


2. It is not difficult to derive Bam oy pp of - R, , 

R,----- resistance coefficient of the throttle, R, --=--= resistance 
coefficient of the oil sealing surface, thus for P, here, when compared 
to the resistance in Reference (5), € has the same physical meaning. 


3. If the friction resistance caused by the pressure gradient in the oil 
recess is considered, see Reference (4). 


4. Figure 6 - Figure 9 are taken from Reference (1). 


5. Figures 10-15 are taken from Reference (3). 


ow | oW 
Je or «4 
6. Stiffness J is defined as ; , 


since the optimum design here has taken ¢ as a predetermined parameter 
and is given beforehand, therefore —_ and , are consistent. 


7. For definite dimensions of the oil recess, the nondimensional load 
capacity W is the monotonic continuous function of the design parameter 
A (or 6) of the throttle (see Figure 6, Figure 7), thus based on 


an 

OA (i 08) 

8. Although the author of Reference (3) used Powell's method, it was used 
only to adjust one variable. This can actually be realized by a one- 


dimensional search, thus Reference (3) used Powell's method in form, 
but actually it was only a method of rotation of coordinates. 





the A (or 6) of maximum load capacity can be obtained. 
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10. 


ll. 


12. 








According to Reference (10), the two complex conditions here can be 
equivalently substituted by the following singular simple condition 





( 410%, -2/ 2) +/(Ra.s) I> 47) 
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Ditomticns, the Masts Reugy Momentem Teame ani Crack Prepegution vesees dang Gast (AMG) (448 ) 
A Model of Electroweak Interaction in SU(3)*0(1) Gauge Theory ~ woe sereeeeesene 
000000000cce cencee ceccee cee cceceeessooe‘es cocese coceee ew Ouangshan (MRE) end Gee Compton (RR) (oe) 
Sealing and the Violation of Sealing — + He Ning (@ 7) (14) 
ho Measurement of Autionstrie Bere Lovel of Air Condestion - sevcnocsnens 
sosereeeseescceersens Thang Jucai (BMT), Deng Yuancheng BRM) - oon Gung ce (726) 
Unitary Symmetry in Baryon-antibaryou Gywhomms «-----:--::csccre ccc r cre errene eee eeeennnereneennnneesees 
Xiaotian (HBR), Buon Te'nan (RIM), Zhong Yushus EMM) and Lh Tonggeo oom ( 628) 
A dR A ote ren ees ree eee ene eee ene eeeceeeeeeeseneeeeeeeees Tue Jiendboi (9BS), 
Qiu Xiaoming (BSH), Tic Meagfen (EPH), Zhow Ruling (MMM) and C. 8. wd are) (056 ) 
DO Oe OO Oe 
"We Hosahong (HRB) (110) 

















Rputuentet autintien 2 Qehemans NGMED “oo ore vce rrcccecse sso rsecceeeeees 
ceeeee Ma Days (GAM), Lh Pan (FHM), Det Gontus (RAG) ent Wang Hows (22%) (1287) 
The Problem of Convergence Radius of the 7, Gerias Golution <0: rrr crore mrrres Zhow 


Zifang (TD), We Hangers (RRS), Mao Deqgiang (EG) and Gu Yiming (@-—M) (1878) 
“Generalised Substructure Method” in Finite Bement Analysis of Elertic Contact Problems —---*----- 

900000000000 0000000001seese00ce[[ cee ssn cneeenenl ces cocccn ce concesocoeooosnocoeces coccesosooes eed au Gre) Gay 
A Rolativistie Glauber Expansion for Many body System | : She 

Xiquan (®MB), He Zuoriu (SNM), Theo Fagin (mee) and Baw > Quem (aia) (1522) 


Chemistry 


Bpecifie Adsorption of Strong Electrolytes and the Nature of the Electrical Double Layer --- 0°" 

——@tudy of the Interface Exoem Activity Oneffieient ------ se Lin Zhenghes (MER) ( 61 ) 
GAS schtte ¢ tateth Gap & @ Ryastain ¢ Ew eecececcesescsesoesooooooss 

000000000000 000 000000000000000000000 000000 000000000000 000000000000 00 0000000000080 080 000 800 cee see Cee Wang Fowng (EB), 

Sha Benyu (HAE), Jin Yingtai (@M8), Wang md (239) at Sy Fim Ge) (8) 
Characterization of Os 1,4 polybutadiene Raw Rubber --- 

Laboratory of High Polymer Phyncs, Gangian fastitate of dau Gant, “dectenia Bintan (190) 
SS Ca 6 T00 Ge a ear 

(HPLO) - ' Zhang Renbin (HEM), 

Yong Yiming (4#—-%), Zhe Gusdong (608), Weng Shengqen (EER) end Oo Qe B) (308) 
Researches on Chemica! Carcinogeas and Mechanism of Chemical Osreinogenesis 

Siemon ‘Thewey ——4 Quastitative Meteuter Cutie Mitt of Guutacgets Activity Se 

Polyeyelic Aromatic Hydrocarbons -:--:- ec reee eee nen renee nee eencwnens Det QGanhuan (MEM) ( 453) 
On the Stability of Complexe: of Dinitrogen and Transition Metals ------------- Yoo Yulin (RRM) (471) 
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Quaatam Chemical Hasis of the Rule of Homologous Linearity for the Laergy of Molecular Orbitals 

and Related Proportion «1: crc crrrrrcrrrrees Xu Guangrion (WIM) and Li Lemin (BRM) (674) 
Btudies of the Activity Coefficients and Solvation Numbers of the Electrolytes in Mixed Solvents 

~——Byvtems of Salts, Methanol! and Nonelectrolytas PTTITITITITT ITIL 

vonenenensesssereneveveesenses ey Li Zhifen (PER), Huang Ziging (MFM) and Liv Builin (MH) (500) 
A Higher Active Lanthanide Chloride Catalyst for Storecupzsifie Polymerization of Conjugated Diene 

Sececcesoeesosscccocsoccossoceeees Yang Jihus (MU), He Jingye (BAR), Feng Shufen (9RF), 

Pon Ent (BBR), Xie Demin (HMI), Zhong Chonggi (WRK) and Ouyang Jun (MMM) (7394) 
‘Tho Nuchear Magnotic Resonances of Carbaswle Dorivatives ~ Ke Quangehi (i) @), Wang 

Yushen (ERB), Wey Zhating (EMM), Sin Giving (ERS) a Teng Teg aw (74) 
Synthesis of Becaytarciagtonine end Separation of Its Stersomers - 

qupeesocncssece ceocesccocesessese Huang Wenkui (A XM), Li Yulin (ONE) end Pon Zia/e (a (835) 
Graph Theory of Molecular Orbitals 

ES © Cn, G> Stnmtnan of Advent Gants ani the Stability of Molecules «** 

$00 000 0500005004 40000 100000000 045000100000000000000000500008 140000008 b00 500 bee ceeseeseeeeecneees Jiang Yuansheng (i. 0%) (#47) 
Quantum Thoory of Chemica! Reaction Rate +--+ 0ccccecesseeeeeseneneennens Deng Conghao (ODMR) (909) 


Catalyst 
esveccenocnocsoccoose Xie Youchang (MH%), Zhang Huizin (HBC) and Wang Ronghvo (ERP) (979) 
A New Mothod of Calculation for Molecular Shell Model -+++++<+:0+vssssssseesnesensersensenevnvenenevenennennees 
Chen Jinquan (AS), Wang Fan (E A), Gao Meijuan (MRM) and Fu Zurong (FMM) (1116) 
Some Surfaw Thermodynamic Quantities for Aquoous Solutions of Aliphatic Alcohols and Fatty Acids 
O00 000800 See seseseeeeerereeseeeeneeeeeseeseeeeeseeseseeeseresseses ees Ses eeseseeesensonooeooeseSeSeeees Zhou Noifu (MTR) (1128) 


Photo.response Characteristics of the Junction Field Effect Transistor and Its Application in UV. 


* Hut Yongrheng (KE), Shen @ (it 1), Qian Cheng (HR if) and Fes Satie (2) (1247) 
and Stabilization of Photographic Hmulsions by Triaraindolizine Stalilisers — 


OOO 68e seb eee eee eee ees ceeceeenseeeeet 404558 604 480048084 88088 44+ SSE SES EES SET OEE ET TESS SES OES SEF OSES SERS Zeng Fonie (8%) (1288) 
ED @ Gp Cuntet Setayy @ Swain & Cane TereRasetie ind Ortetien Cate. 
Timetry ore eee eee 


Hw Biheng (jane), - om (R8®). Des Muchang (nan), lis Beton BX, I ze 

Cuiging (4 @), Shi Doojun (Gilt)), Zhong Mingwes (ERX) and Huang Weijun (MAW) (1386) 
Reactions of Carbomethory methylene tripbenylarsorane and Bensoylmeth) lene tripbenylarsorane With 

«, 6 uneoturated KRGROGED “000 e reer ee en enreneerenseeneneenennneennnersrnnsennnnnnnanenssunecanunnensseseneeneees Huang 

Yooreng ((0B%), Shen Yonchang (22M A), Xin Fuontang (XM) and Mo Jingh (SRB) (1396) 
Microemulsion Formation in Gome EXxrtractants and Ite Effocts on Extraction Mechanism « 

scoeneespesescoose cousesssnsssssessessesescssoocsosss We Jinguang (1%), Coo Hongcheng (BBR), Chen 

Dien (HH GB), Jim Tianchu (@ RU), Ld Shengohohg (FMR) and Tu Cuangricn (HHH) (1533) 


Astronomy 


0 Gee Sea Ce Ce Gy > Ce Cee we ee « 
sees eee eeeeeeesseeesesenerenseeesreseeeseeeseesenes eens een sss seeeeees senses seeseesessoeoeoeess Chen Jiongshan umn) (18 > 
On the Plame Current Rings Model for Formation of Equatorial Belt After Nova Outbarst -- 
snssusesnennenoccscnsesssssene Mo Jinger (MPL), Hang Hengrong (WER) and Weng Deyn (eam) (202 ) 
4 Cae Sey € & OU as Fane ¢ Ge Ot Gate TITTITTIttittiitttttitit ttt 
0000000000000000000000000000000s 0000000000 00000cccnencceecncets c00eee Re Wearet (AXB) and Ao Chao (m @) (607 ) 
Theoretical Analysis of Atmospheric Waves in Equatorial Zone 108 OE OEE OREO OEE Oe OEE OEE OO OOO REE Ree ee eee eee eeee 
seeeeececeresrecesseereeeseessess Zhou Zidong (ARE). Di Xinws (RR and De Jingyuos (HAR) (7) 
On the Origin of the Solar System ---------- Dat Wenset (XB) and He Zhongwei (MP %) (862) 
Tunnel Effect on Density Waves of Galaxies at Oorotation Circle and the Switch Character of the 
“Waser” Mechanism 000000000000 000000000000000000000000 000000 000000000 000000000000 cceneecenese ze Jvanyun (ae) (902) 
Turbulent Convection and Pulsational Stability of Variable Stars ------------ Xiong Darun (MXM) (1189) 
Hydrodynamical Theory of Three dimensional Density Wave for Spiral Structure of Galaxies (II) 
——(Jlobal Mode Golution and Effect of Thickmeme «<<-:+---: cc ccccreceeeeeeeeeee Xe Jianjun (MME) (1545) 
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Earth Sciences 


Topological Structures in Multisystems of m+ 4 Phasae ccc srserrereereeeeesceenns Guo Qitt (BRM) ( 88 ) 
On the Btages of Large-scale Motion of the Atmosphere soccer o IA Motown (@MMH) (218) 
On the Miomera and Polymers (Trilobita) o00ccccceccccee seccccece cocceeccooooosoccooes Zhang Wentang (422) ( 228) 
The Effects of Ice Capsalbedo Feedback on the Global Glimate in Two dimensional Energy Balance 

Madial +++ ss+rreeeereereeceencereesereereeeeerseeeeseeseeeneccns Chao Jiping (MIG?) and Chen Yingyi (MRM) (S19) 
Maegastages in the Tectonic Development of Amin «i: ees serrreereereeeeeneens Wang Hongechen (ERM) (831) 
Closed.net-diagrams of Binary Gix-phase (= + 4) Maltisystems «+: errr Guo Gite (HRW) (B46) 
On the Polyeyelic Bvolution of Geonynelinal Foldbelts «----+++-+:---e-re-ree Huang Jiging (MRM) (475) 


Otres Path, Strength and Dilatancy of Rocks PT TITIITIIITITT TILL 
seseneenneenseneseceseneens Chen Yous (H& Mi), Yoo Xisorin (APH) and Geng Noiguang (HII) ( 492) 


Holocene of Baijing Region and the Changes of Its Natural Environments -:-:: Chen Fangh (Wii H) ( 682 > 
The Lepidophytic Plants of the Cathaysia Flora in Eastern Asia «0s se li Xingrwe (PRP) ( 634) 
Wind Regime in Urban Planning and Industrial Distribution TITTITITIVITITITTT t 
seeeeeereeeeeesseesesecseeereeeeeeseeeseessseseseeseresseese Yong Weuyong (Hib) and Dong Liming (ERR) (766) 
Eract Golation for the Gystem of Flow Equations Through a Meiiam With Double porosity «******* 
eee eeeeeserererceeeeeecseeceseresescesseseeecessesene Chen Zhongriang (M0P%#) and Jiang Lishang (BAM) ( 880 > 


Stochastic Mode! and Statistical Characteristics of Bad Load Dimparsion «::-+:::sssssserscererreeeeerereerenne 
000 0000000000060 00000000000000000000000000 000000 200000 c0eceseeeses Han Qwei (MA) and He Miagmin (RR) (1006) 


Deformation and Metamorphic History of the Presinian Roek Groups in the Songsban Area, Henan 


Liu Bugi (31%), You Zhendong (WRK), Suc Shution (RHH) and Ma Xingyuon (4AM) (1022) 
Complete Bystems of Closed Nets for Unary Five phaw (a + 4) Multisystems and Their Applications 

to Concrete Configurations of Phase Diagrams: 0: 0::::-:::ccrscrrrereer ere eeeneeereees Guo Gti (HRW) (1039) 
Characteristics of Inclusions in Minerals of Different Genetic Typos of Granitie Rocks in SE China 

euenvecemeutees Wang Henian (FR), @ Tongaing (AR) and Lewd autn am) (1150) 
Toermal Model of Continental Lithosphere -- 

seeeeeeerereecersseecesssereseseess Li Yinting (aMe), Guan equa ew and Xue Ea oe ® (1168) 
> Gute Gun é Gang Gane —_ 000000 000c0ne0s 00000000000 scenes cccecee conceeococoooooosoooecse 

sevens » Jiping (MAF) and Huang Ruizin (MMH) (1266) 

Gute Gn Gite oeunth Game = 00000 s cncesecereseseccoccocsooneece Zhang Zhenyu (HMM) (1278) 
Formation and Migration of Continental Oi) and Gas in China (I) 

———A Fun lamental Geological Condition for the Formation of Continental Oi] and Gas----- Fon 

Pu (% ®), Luo Bins (PRA), Huong Buchong (MUM), Shen Ping (0 F), Hui Rong. 

yoo (BPE), Shao Hongshun (BRR), Wang Youriso (FH) and Bong Guanghus (@%) (1286) 
Numerical Experiment of Hemispheric Rotational Adaptation Procmmp «--:-------sccceerersceeeeeeeeeeeeeeeneens 


eoccecccoccocccs eocee Zeng Qaageun (WR), Yuan Chonggueng (RBH) and Li Bong feng (#@R) (1405) 
Formation and Migration of Continental Oj) and Gas in China (II) 
—— Evolution and Migration of Oil amd Gas v-::::cererceeseeee rene ees ceeeeeeeeeeeeeeeneenees Fan Pw 


(4 ®), Luo Binkte (9RN), Huang Ruchang (MUR), Shon Ping (1 F), Hui Bongyoo 
(BE), Shao Hongshan (BLA), Wang Yourioo (EM) and Rong Guanghua (@%#) (1417) 


Stream Wave, Motion of Strain Ware and Slow Barthquake -:-+::--+++--s++--+++ Le Dajiong (SMA) (1428) 
Mechanisms of Migration Zoning Due to Concentration Difference of Mineral Particles and of Miner. 
alization Enrichment in Tungsten Vein amen seaeeneenssersasresescesssenesens aa (ese) (1559) 


Dan site os Due to Sudden Release - 
: Lin Bingnan (4% BH), Gong Sonsiag (anm and | wen Lranriang (=2) (1570) 


Biology 
Effect of « Butanol on Nat, Kt ATP ame occ ccc cer ceecceeeeees Lin Qishui (eRe) and Li Yun (* %) (100) 
Complementation Analysis and Chara-terization of the es Fixation b Sm - = and as/J 
in Klebsiella pnewmoniac — ° ove ~ Jin 


Bunshi (@M2), Huang Vide (nee), Shen Bane ae), Chen Junbiao (ROR), Os 
Dean (HME), Shen Bingfu (LMM), Li Wujun (FRB) and Sen Shanjiong (BM) (108) 
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Genetic Manipulation in Higher Organisms 

ITI. Detortion of Soya Protein in Seeds Dorived From Goya mRNA-troated Rice «+s rere 

000000000000 000000000 000 000000000000 500000000000 000 000000000000000 000 eseeeeeoreless ceccccece M. C. Niw (+L), Chang 

Paoying (HMR), Lin Zhongping (HEF), Ma Cheng (% WW) and Zhang Yulion (HEM) (110) 
Establishment of Three Human Liver Car:inoma Coll Lines and Some of Their Biological Characteristics 

PPS 4. Mice er hen Rwimang (mee), Zhu 

Dehos (RBM), Yo Xiushon (% HH), Shen Dingow (MR) and Lu Ronghua (MR) (296) 
Relationship Between Hydrogona® and Nitrogenas in Hydrogen Metabolisn of Photosynthetic Bacterium 

Bhodopseudomonas capsulata PPTTTITITITI TTT rit tiie Song Hongyw (2A), Chen 

Hancai (UR), Wu Monggan (RFR), Chen Bingjian (MMR) and Fu Bolin (BRM) ( 252) 
Mapping and Characterization of the AisD-unlinked nif Mutants in Klebsiella pneumonias -*-:**-*--* 

setennunnovnsnnssesensn Xue Zhongtion (HK), Jiang Quays (iL BP) and Shen Shanjiong (tt WIM) ( 261) 
‘The Nature of the RNA Products Synthesized in vitro With a Cell-froe Extra:t From TMV.-infected 

Dabnwe LAQvGs +0000 ceescccccccvcsccsccseccccceccscssssesseccssesesssecssccesesscsees Fung Rongriang (R24), 

Wang Xiaofeng (EAM), Qin Bingyi (MME), Cai Faring (RN) and Bu Ming (+ W) (357) 
Ultrastructure of Sperm Cell in Mature Pollen Grain of Wheat --------+---+-- Zhu Cheng (R& MB), 

He Shiyi (ABM), Xu Liyun (HBR), Li Xiuruy (#RG) and Men Jiaheng (HH) (371) 
Analysis of tho Irreversible Process of Proton Transport in the Purple Membrane of Halobacterium 

EI, crnumevcceescnennemnnemnemtindeeetines Tan Hong (iR Bt) and Ton Mangi (ABR) ( 502) 
Prasence of Liver.forming Fra:tion in Fish Egg mRNAs Dete:ted by Its Ability to Encode Albumin 

Synthosis «--------s-- es M. C. Niw (MIL), Yu Jiankang (FIM) and Song Deriu (RMR) (510) 
Nuclear Transplantation in Telessts 

I. Hybrid Fish From the Nucleus of Carp and the Cytopianm of Crucian <--+::+e-sssseseeerreenees 

eeimmemmaraaanss Research Group of Cytogenetics, Institute of Zoology, Academia Sinica; Research 

Groug of Somatic Cell Genetics, Institute of Hydrobiology, Academia Sinica and Research Group of 

Nuclear Transplantation, Chang Jiang Fisheries Research Institute, State Fisheries General Board (517 ) 
Cyanide.insensitive Respiration in Oorn Mitochondria 

I. Comparison Between Sensitivites of @-ketogiutarate and Succinate Orxidations to Cyanide ------ 

cam Yang Fuyw (48), Ting Qingry (Mim) and Wang Shuyo (EMM) (774) 


Observations on Baiji (Lipotes verillifer) and Finless Porpoise (Neophocaena estacoriontelie) im tho 


Lower Reaches of the Chanz Jiang eenee 
——~With Remarks on Physiological Adaptations Environments 
qusneaeies cunnmnenensenettt Zhow Kaiyo (MFFW), Pilleri, G. and Li Yuemin (FRR) (785) 


Presenes of a Cytochre e beontaining Ferritin in Azotobacter vinelandii HOO e ee een eeeeeeeeeeeenee li Jiudi 
(FAM), Wong Jiwen (ERK), Zhong Zepu (HR), Te Yo (BH W) and Dong Boi (Hi %) (807) 

Variation of Pollen Mother Oeil of Pollen-derived Plants in Wheat (Triticum aestivum 

Ba.) rcccceeee scoccoccecccsnessoess He Hon (# &), Xi Ziying (BFR), Ouyong Junwen (KRM), 
Heo Shui (#& XK), He Mengywan (EX), Xu Zongyao (WRF) and Zou Minggion (oem) (905 ) 


On the Characteristics of the Adsorption of Phosphate on Root System «---+-+-+-+-- 
000000000006 006000 000000000050 050000004 008080090 299000000 0000000080 Liu Zhiyu (MEF) and Cao Y n (one) (1046) 


Large-scale Purification of Prothoracieotropie Hormone of the Silkworm (Bombyz Mori) ------------ os 
seececseeccoeseecs Hiromichi Nagasawa (KM), Guo Pu (8% %), Zhong Xiangchon (WBE), 
Xia Bangying (HMB), Wang Zongshun (ERR), Qiu Xujia (HME), Wei Dingyi (MEX), 
Chen Eying (IRB), Wang Jingse (ERM), Akinori Suruki (BABE), Akira leogai (ANB), 
Tasuhiro Hori (MMLZ), Saburo Tomura (HEH=M) and irons Ihivalt (GUM) (1053) 
on 6 Gab Gees 6 wee Oe Dose Rate on Rhesus Monkey (Macaca Mulatia) 
-+ Cooperative Research Graup of Low Dose Irradiatian, Institute of Biophysics, Academia Sinica (1170) 
Plektrophyscheische Unterncengas Zar Spektal und Polarimtions Bmpfndichket Der Suen 


SOE CHR RRR eee 








Von Calliphora Brythrocephala I -------++--+0+-eessee--eneee . * Guo Aike (BBB) (1182) 
~ New Fluorescent Hydrazide for Sequencing Ribon ueleie Acids PPOTUTITITITI TTT ttt ttt) 

Coe reererrescseeseeseessoseoesese lie Woagyi (48), Ge Xiangroag (24) and Cai Ju’e (@Bm) (1296) 
Insulins From Different Bpenes ———Chicken and Snake ------+-+ccccce cre crecceceneceereeeceeecrecewereceeene Cao 


Qiuping (WKF), Li Tongfen (4M), Peng Xinghua (GN) and Zhang Youshang (HAM) (1309) 
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Restrictoon Endonucleases From Three Strains of Haemophilus +n /iwensas PTrTiT Tite 
eoveecceecrssseevessssooesc ces cocoee Shen Sixiang (204), Lh Qikang (@RM, You Peifang (FMM), 
Zhow Bing (MM HR), Veo Shengyw (HE), Lv Youys (Btn) and Wang Dedoo (EMM) (1485) 
P ti and P ti of Orystalline Poreine and Bovine [Trp)") Tnmuling «cr ccr cree eeeeeeeeeeeeeens 
soccupgupoueceecsecssespesooeeeseenocce coececooecsocesasoooocoossocooesscceess D. Brandenburg, Le Kejian (Bk), 
Wang Zhishen (EHH), Dong Ba (M4), Ru Binggen (HMM) and Zhu Shangquan (RMB) (1448) 
Active Products of Porcine Trypsin After Autolyas PTTTITTTTTTITTTTTTTTTT TTT irri iiiiiriiriiiii 
cnusnieeeneenneme Bu Binggen (MIM), Dw Jinshu (HMR), Zeng Yoohui (109%), Chen 
Liansheng (MIR), Ni Fisheng (RRM), Tan Guohue (IM) and Zhang Longriang (HRM) (1453) 
Elektrophysiologische Untersuchungen sur Spektral.und Polarimtionsempfindlichkeit an den Sehszellen 
von Calliphora erythrocephala Il -::::: scorers serene ens eneeneneneeennnenennsnnenennnnns Guo Atke (WRK) (1461) 


Kangyvan (KB), Lian Yungning (% A&P), He Yonsheng (7%) and Zou Chenglu (MIB) (1588) 


Preparation and Crystallization of Des (Behain C-terminal) Heptapeptide Insulin «*:---:-s*erers- 
eeecccccccccocsccscccecs coceeesceone cose ccoeseeceo ess cos esceseoes Lu Zivian (@ F)) and Yu Ronghua (R@*®) (1502) 


Medical Sciences 


Crystal Structure and Absolute Configuration of Qinghaory 000000000 000 ccc ccdcecccs cocccccecces cee cecceocgsc‘‘eee eee 
eeeecccceccccecccsoscesecsoosecoeessess Qiaghaors Research Growp, Institute of Biophysics, doademia Sink ( 880 > 
Antispermatogenie Effect of Gossypol on the Germinal Epithelium of the Rat Testes 
——A Cytological, Autoradiographical and Ultrastractura) Observation Coececcceccecoeccococceccesssocesese 
retiriettii tit Xue Shepu (82), Zong Shudong (RB), Su Sh (BRB), 
We Yanwon (RMR), Lin Fi (% @), Zhow Zenghuo (MOH) and Mo Xizin (GBM) (642) 
Chemically.induced in Vitro Malignant Transformation of Human Bsophagus Fibroblasts -----+-----+--+ 
PPrrirrtiiii ttt eee We Mua (R #), Wang Xeugia (ERP) and Li Dr 1 (#"@) ( 658 ) 
Development of Hypertension in Dogs Under Intensified Tension of Higher Nervous Activities --------- 
errr tt Pettit eee Jim Yinchong (@@QA), Zeng Cucywun (@ nz) and Wang Zh (= *) ( 665 ) 
Effects of Reserpine on the Development of Neuropaychogenie Hypertension in Dogs ----- 





(MR), Xie Shengyong (BMH), Fou Shengquen (LAM) and Jin Yinchang (@BAM) (796) 
Female Cadaver in the Han Tomb No. 1 

—X.ray Diffraction Studies on Two Kinds of Fibrous Protein «<sccccccrcc cre ece eee cen eeeeeeewe enw ees 

PTrTTITiTity tt Tee We Bomyu (EA) and Wang Jiahvuat (=2a) (915) 


> Cae Gee S ot Ce ee 6 Ve coucocsscocscosessesossocscessese 200 

“eee set eeeereeeeoee law Gengys (RB), Gong Ximohang (RRB), oes 

Jeming Reem), Ren Guifang (ERA), Fan Bullion (RB) and Buon Weigin (RMB) (1061) 
Enkephalin Involvement in Acupuncture Analgesia radioimmunoamay -°-- Zou Gang (% WF), Vi 

Qingoheng (BKM), Wu Shiriang (RN), Lu Ficin (MULE), Wang Fonsheng (EM), Fu 

Yuogui (MAB), Ji Xinquan (FRR), Zhang Zurven (HM) and Zhao Dandan (MAF) (1197) 
Studies on the Ultrastructure of Envelope of Elementary Bodies of Chlamydia Trachomatia ---------+ 

000000 000000000 00000000005 0000000000000050500000000 000000 000000000000 00000 500 eebeeeseeeseceeles cee Zhang Yourun (#2), 

Meng Xianmin (2 MB), Zhang Lis (4M®), Su Hue (BH #) and Lh Rongde (49M) (1208) 
Electrocardiogram Made on Ascending the Mount Qomolangma From SO m & & |. -**++sresessserereeeneee 

Shi Zhongyuon (EP) Ning Xuchan (PM), Zhu Showcheng (RHR), Zhao Deming (MME), 

Huang Penggwo (@ EM), Yang Shengywe (te &), Wang Yan(E iM) and Dong Zhaoshen (MHI) (1316) 
Bioelectrical Information Processing 





~The Body surface HBE 00 0000000000000 000000000000 000000000 000008 eeeccecoccoe Wang Xvangsheng (=a) (1469) 
Correlation Technique and Its Application in the His Bundle Electrocardiogram ---+--+-++++--+++++eseeseenees 
GBosbocdanseseooscsnsesenseseeneoessnoscoooscescoccoccneeseasocenensesboosoescesoneceoenenes Wang Tiangsheng ($4) (1599) 
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Technological Sciences 


A Thsoretica! and Experimental Study of Aplit fokial Waveguide Mow wave Structure socevoees 
Were'TTTiTTTTiTTitii Titi lillie Wang Zug (EMD), Te 
Mhivong (MUM), How Luying (ABE), Wong Thiyw (ERR) and Gu Macshang (MMB) (16) 

‘The Optimisation Design Theory of Fkctrohydraalic Loading Gystem — Law Changeian (MI) ( 807 ) 

Analysis of the Galiment Deposition in Density Qurrenta cece Fon Jiahua (BR) ( 626) 

‘The Optimal Fast Turbine Valve Control and It» F.xperimental Hemareh on Miero-alternator Aystem 
seoeaveneneneressessseenseeees in Gang (P @), Weng Senghong (ZW) end Hen Fingiee (HAG) (928) 

@ Bhte Beem Ont Opening Displacement end train iiss teeters eeeceeree see eeeeeeenseeeeeeeeennens 

000000000 000000000008 ceeeee ese nls : sO000 coeeseneeees ceeceeoocoes O Jingts (FRB) and Cas Seeteng (GR) (108) 

Vestetionad Principles and Generalised Variational Principie for the Hybrid Aerodynamic Problem 
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AUTHOR: ZHONG Humian [6945 3840 4875] 
YU Zhongming [0205 0022 2494] 


ORG: None 


TITLE: "On the Invariant Set and Periodicity of the Solution of a Class of 
Probability Measure Equations" 


SOURCE: Nanjing NANJING DAXUE XUEBAO [JOURNAL OF NANJING UNIVERSITY], Natural 
Sciences Edition in Chinese No 4, 1979 pp 1-11 


TEXT OF ENGLISH ABSTRACT: Let the phase space of a stochastic process be a metric 
measurable space. At time t, denote the probability distribution of a stochastic 
process with the initial distribution @ by m(t,@, +). We assume that the family 
of probability measures {mt, ,*),t2 of satisfies the semi-group property. 
Consider the equation of the one-parameter measure family: 


P(t +s, *)= ms, P(t), ‘), t20, s20. 
pCO, +) = Pof-). 


There exists a unique family of solution measures for this equation. In this 
paper we discuss some properties of this measure family. 


In the second section the invariance theorem is proved after several lemmas are 
established. On the time interval [0,°°), we prove that the limit set of 
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{im(t, 6, *),t.2d of is a non-empty, weakly bounded and weakly compact invariant 
measure set under some conditions. The proof of this theorem is simpler and the 
conditions weaker than those given by Kushner. 


In the third section we consider a time-homogeneous Markov process associated with 
a stochastic continuous transition function. We prove that there are only three 
possible cases for the solution of the measure equation: the equilibrium measure 
or the family of periodic measures from certain moment on, or the measures of the 
solution are different from each other. 
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AUTHOR: XU Jiafu [1776 1367 4395] 
QIAN Shijun [6929 1102 6874] 


ORG: None 
TITLE: "On the Design and Implementation of the Systems Programming Language XCY" 


SOURCE: Nanjing NANJING DAXUE XUEBAO [JOURNAL OF NANJING UNIVERSITY], Natural 
Sciences Edition in Chinese No 4, 1979 pp 13-21 


TEXT OF ENGLISH ABSTRACT: The systems programming language XCY is chiefly designed 
for writing systems programs, e.g., compilers and operating systems. The produc- 
tion rate of computer software may be prominently increased by using this 

language as a production tool. In this paper are emphasized some important fea- 
tures of its design and implementation, especially its design objective and re- 


quirements, data structures, modules, paths, and the storage scheme used in the 
DJS-200 XCY compiler. 


AUTHOR: LUO Liaofu [5012 6697 1788] 
LU Tan [7120 ] 


ORG: None 
TITLE: "Conserved Currents and Weak Neutral Current Interactions" 


SOURCE: Nanjing NAN. '.¢ XUEBAO [JOURNAL OF NANJING UNIVERSITY], Natural 
Sciences Edition in Chine’ No 4, 1979 pp 23-30 


TEXT OF ENGLISH ABSTRACT: Assuming that the conserved currents are sources of the 
vector meson fields, the vector fields Z's coupled to baryon and lepton number are 
discussed. The linear combinations of baryonic, leptonic and electromagnetic cur- 
rents are related to weak neutral currents, which fit all the present neutral cur- 
rent experiments. Several theorems concerning e-AM-T asymmetry of Z meson's coup- 


lings have been proved; the e-m~-t mass differences are thus accounted for by a 
corresponding mechanism. 
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AUTHOR: ZHU Cansheng [2612 3605 3932] 


ORG: None 


TITLE: "The Investigation of the Physical Condition of Prominences" 


SOURCE: Nanjing NANJING DAXUE XUEBAO [JOURNAL OF NANJING UNIVERSITY], Natural 
Sciences Edition in Chinese No 4, 1979 pp 31-36 


TEXT OF ENGLISH ABSTRACT: In this paper we introduce macroscopical motion of mass 
and prove convincingly the conclusion by Dubov that the turbulence velocity V; is 
correlated with sj. Therefore, it is reasonable to determine the temperature of 
the prominence with hydrogen and helium lines. Using the data of Ye, we calculate 
and eventually tell the physical features of the ayeregen prominence from the metal 
one, For the former, Te = 7340, Vt = 4.3, No = 2 x 10/5; for the latter, Te = 
5520, Ve = 6.7, No = 1x 10/4, It is found that the prominence at higher tempera- 
tures corresponds to lower density, and vice versa, like chromosphere. 
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ORG: None 


TITLE: "A New Approach to the Representation Theory of Finite Groups (III)-- 
Application of Eigenfunction Method to Point Groups" 


SOURCE: Nanjing NANJING DAXUE XUEBAO [JOURNAL OF NANJING UNIVERSITY], Natural 
Sciences Edition in Chinese No 4, 1979 pp 37-48 


TEXT OF ENGLISH ABSTRACT: The “Eigenfunction Method" is used to treat the molecular 
symmetries; a simple method is given for constructing Symmet ry-Adapt ed-Linear- 
Combinations in the single electron case. The so-called "intrinsic quantum numbers" 
are introduced to serve as the missing labels in multiplicity cases. 
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XIN Xinquan [1823 2450 3123] 
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ORG: None 
TITLE: “Studies on Alkali Metal Promoted Iron Catalyst of Ammonia Synthesis" 


SOURCE: Nanjing NANJING DAXUE XUEBAO [JOURNAL OF NANJING UNIVERSITY], Natural 
Sciences Edition in Chinese No 4, 1979 pp 49-58 


TEXT OF ENGLISH ABSTRACT: When iron oxalate carried by active carbon was first 
reduced and then plated with metallic potassium, the ammonia synthesis catalyst 
thus formed exhibiter especially high activity. After an intensive study of each 
component of the catalytic system, the following results have been obtained: 


Mossbauer spectrum revealed that the active site of the catalyst was composed of 
particulate @-iron having sizes around 100 A. The active center was in the (111) 
plane of @-iron with seven atoms forming a Fe7-cluster in which activation of 
dinitrogen took place. EHMO method of calculation showed that Ffe7-cluster was 

the most efficient structure of iron catalyst to activate dinitrogen and it reduced 
the bond overlap population from 1.640 to 1.004, corresponding roughly to the 
reduction of the triple bond to a double bond. It was the K-bond that was greatly 
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weakened while the 6-bond remained nearly the same. 


Metallic potassium in the catalyst formed potassium hydride with dihydrogen, first 
having activated dihydrogen. Results of the SCCC method of calculation of FeH 
showed that H in the hydride bore a charge of 0.199 electron. Action of active 
carbon, the carrier, was independent of the degree of its graphitization, but 
dependent on its specific surface and distribution of its pore size. A pore size 
around 100 A was most suitable for the formation of the Fe7-cluster. As for the 
other kinds of carriers, either because of having too small a bore size (e.g., 
molecular sieve) or because of the oxygen consiituent (e.g., Si02, Alj03, etc.), 
they were unfavorable for the formation or function of the Fe7-cluster. Chloride~- 
ion was a poison for the iron catalyst of ammonia synthesis because it caused the 
agglomeration of the superfine particles of @-~-iron and hence destroyed the active 
site with the result of the loss of activity. 
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ORG: None 


TITLE: "The Mossbauer Spectroscopy Research of Fe-Cr Catalyst under the Reaction 
Condition" 


SOURCE: Nanjing NANJING DAXUE XUEBAO [JOURNAL OF NANJING UNIVERSITY], Natural 
Sciences Edition in Chinese No 4, 1979 pp 59-64 


TEXT OF ENGLISH ABSTRACT: Through the measurements of Mossbauer spectra under the 
reaction condition (350°C, water:gas = 2:1, velocity of gas = 250 mi/hr), it is 
shown that Sg belongs to the Fe3-,Cry0,4 system. After the treatment at 550°C the 
area of the paramagnetic spectrum increases. It indicates that a more fine-particle 
solid solution is formed. Raising the space velocity the reduction is incomplete 
and Y-Fe20, is formed. At this condition VY-Fe703 may be the intermediate phase 
of a -Fe703 reducing to Fe30,4. The increasing in amount of fine-particle solid 
solution results in the rising of the catalytic activity. 


AUTHOR: ZHU Dexu [2612 1795 3563] 
SUN Leqin [1327 2867 3830] 
ZHANG Aile [1728 1947 2867] 


ORG: None 


TITLE: "The Chemical Kinetics of Direct Hydroiysis of N-Carbo-Benzoxy-L-Tyrosine 
P-Nitrophenyl Ester by Two Molecular Forms of Urokinase” 


SOURCE: Nanjing NANJING DAXUE XUEBAO [JOURNAL OF NANJING UNIVERSITY], Natural 
Sciences Edition in Chinese No 4, 1979 pp 65-73 


TEXT OF ENGLISH ABSTRACT: When using plasminogen as the substrate, the Km value 
for 54,000 mol. wt. urokinase was half the value for the 33,000 mol. wt. urokinase. 
When using CTN as the substrate, the Km value for the 54,000 mol. wt. urokinase and 
the 33,000 mol. wt. were 5 x 1074 M and 4 x 10~4 M respectively. 


The effect of pH on the enzyme-catalyzed hydrolysis of CTN ester has been found to 
be of the non-competitive type for both the high molecular urokinase and the low 
molecular urokinase. This fact showed that in the present case, k.; } kz or Km = 
kK. 

ro » 1.@., the Km was actually the reciprocal of the equilibrium constant for the 
formation of the enzyme~-substrate complex. The pK value of the ionizable group of 
the active center was evaluated by LogV-pH plot. The high molecular urokinase had 
the pK value of 7.65 and that of the low molecular urokinase was 7.85. 
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The E-aminocaproic acid acted as a competitive inhibitor of both high molecular 
urokinase and low molecular urokinase. The evaluated dissociation constant Ki for 
the assumed H-UK-EACA complex was 0.8 x 1072 M and 1.5 x 10°72 M for the L-UK-EACA 
complex. The CTN hydrolysis activity of the forms of urokinase was not affected by 
natural inhibitors of trypsin of different sources. 


The influence of temperature on both the Km and V for the hydrolysis of CTN has been 
determined and the thermodynamic constants for the equilibrium reaction have been 
evaluated, 


The Kinetic and thermodynamic data indicated that the active center of the two forms 
of urokinase was identical in chemical nature, but their conformations differed 
from each other. The conformation of the high molecular urokinase facilitated the 
catalysis of CTN hydrolysis with higher efficiency. 
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CHEN Zhuqi [7115 6175 7784] 
CHEN Yongqing [7115 3057 3237] 
et al. 


ORG: None 


TITLE: "The Texture and Structure of Ores from the Sulfide Deposits of Qixiashan, 
Nanjing, and Their Implication on the Ore Genesis" 


SOURCE: Nanjing NANJING DAKUE XUEBAO [JOURNAL OF NANJING UNIVERSITY], Natural 
Sciences Edition in Chinese No 4, 1979 pp 75-94 


TEXT OF ENGLISH ABSTRACT: The pyritic lead-zinc deposits of Qixiashan in the 
Nanjing Hills, some 20 km east of Nanjing in Jiangsu Province, discovered in 1950, 
have long been thought to be undoubtedly epigenetic and hydrothermal in origin. 
The writers recently studied the deposits in detail. There were much interested 
when they found different sorts of framboidal pyrite in the concretionary and also 
in the laminated ores of the deposits. Some of the framboidal pyrites have the 
distinct cellular structures of fossilized tissues of algae, and some can be iden- 
tified to be Solenapora. The framboids are now made up mainly of pyrite and mel- 
nikovite. The interstices between the “cells” are mostly filled with organic mat- 
ter. The internal structures of the cellular tissues are of two kinds: (1) the 
cells, about 20m in size, are arranged in radiating siphon-like bodies, and (2) 
the cells, of 40 to 604% in size, are arranged orderly. Associated with the iron 
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sulfide framboids, there are also some mei acolloidal structures composed of 
marcasite and wurtzite. It is probable that the sulfides were formed when the 
decaying biogenic protoplasm occurred in the presence of sulfur-reducing bacteria 
to produce HS”, which combined with Fet* to yield framboidal melnikovite and its 
recrystallized product, pyrite. Therefore, they were formed by biochemical 
processes as a result of syngenetic sedimentation and early-diagenetic products. 


The ore bodies are mostly stratiform, stratoid, or in large lenticular forms. The 
ores are laminated, banded, or in concretionary layers. These structures of the 
ore bodies are mainly parallel to the stratification of the country rocks. Such 
kinds of ore constitute the main industrial ores of this district. The age of the 
ore formation belongs to the early to middle Carboniferous period. 


But there are also evidently hydrothermal effects which are superimposed upon the 
syngenetic ore-forming processes, resulting in the formation. 


AUTHOR: REN Meie [0117 5019 6948] 
LIU Zhenzhong [0491 2182 0022] 
WANG Feiyan [3769 7378 3601] 
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ORG: None 
TITLE: "Karst of China and Principles of Its Development” 


SOURCE: Nanjing NANJING DAXUE XUEBAO [JOURNAL OF NANJING UNIVERSITY], Natural 
Sciences Edition in Chinese No 4, 1979 pp 95-108 


TEXT OF ENGLISH ABSTRACT: In China, carbonate rocks cover an area of more than 
1.3 million km, or about one-seventh of the total area of the country. China 
ranks among the most typical and extensive karst countries of the world, 


(1) Types of Karst 
Karst of China may be grouped into three main types, i.e., tropical, subtropical 
(or Mediterranean type) and temperate. 


Tropical karst is dominated by mogotes-cockpits, which form characteristic landscape 
of southern Guizhou and northwest Guangxi. Karst of the temperate zone is charac- 
terized by dry valleys and large karst springs, with well developed karst fissures 
underground, but few surface karst forms. Subtropical karst consists of gentle 
karst hills and depressions. 
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The great difference between karst of different climatic zones is mainly due to 
bio-climatic factors. It is well Known that biogenic CO» is important in the 
development of karts. In the tropical rainforest of south China, the amount of 
fallen leaves and branches per year is about three times that of the temperate 
mixed forest. Therefore, the CO» content of soil air in laterite is about two to 
five times higher than that of red soils (central China) and black soils (north 
China). As a result, the rate of corrosion in central Guangxi is two to five times 
higher than that of the Changjiang basin, and 7 to 10 times higher than that of 
north China. Evidently, the development of typical tropical karst forms, such as 
mogotes, cockpits and “stone forest" (or crevice karst), owes much to this cause. 


(2) Paleo-karst 

In China, the distribution of tropical karst far exceeds the Limit of the present 
tropical zone. Tropical mogotes are widely distributed in southern Hunan, southern 
Guizhou and eastern Yunnan where the present climate is subtropical. In the famous 
"stone forest" region of Lunan, depressions between limestone pinnacles are filled 
with sediments of old Tertiary age. This fact shows conclusively that these 
tropical “fossil” karsts must have developed in early Tertiary, but under the 
present climatic conditions they have been gradually modified and reduced to less 
than 100 m high. They are Known as relict mogotes. 





The discovery of ojd tropical mogotes in the Tibetan Plateau is one of the most 
important contributions of karst research in China. They are widely distributed 
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in the Tibetan Plateau, reaching an altitude of 5200 m above sea level, the highest 
mogote known in the world, There were also formed in Tertiary when the climate 

of Tibet was moist and hot, as proved by Miocene-eary Pliocene Hipparion-Samother- 
ium sp and paleotragus microdon fauna recently discovered in Tibet. But under the 
present periglacial climatic regime, these Tertiary mogotes have been mostly 
destroyed by frost action and solifluction and their ended remnants stand only as 
isolated steep limestone hills about 20-30 m high. It is not an accidental phenom- 
enon that these old mogotes have been discovered widely in the elevated plateaus 
north of the Himalaya-Alpine mountain system in the world, i.e., from the Tibetan 
plateau westward through Pamir, Caucasus, southern Poland to the Swabian Alps of 
Germany, all situated along the coast of the Tethys Sea and influenced by the 
tropical Tethys current. This fact agrees well with the main theme of plate 
tectonics. 


(3) The Influence of Rock, Structure Topography 

1) Carbonate rocks In addition to chemical composition, rock texture also exerts 
an important influence on karst. For example, in central Shandong, karst is better 
developed in some dolomite and clayey-dolomitic limestone karst is better than pure 
limestone because the former consists of bioclastic limestone oolitic Limestone 

and grainstone. In central Guizhou and Guangxi, karst is usually better developed 
in bioclastic Lim: stones. 

2) Structure It is well known that structure has a distinct influence on the 
development of Karst. A remarkable example is karst of eastern Sichuan where, 
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superposed on the general pattern of relief of parallel ridges and valleys due to 
close folding of the northeast southwest direction, are narrow karstic “trough 
valleys” on the top of anticlinal ridges, These “trough valleys,” up to more than 
100 km Long, developed in the axis of anticlines due to the outcrops of limestones 
there. This particular type of karst morphology is known as Eastern Sichuan karst 
in China, 

3) Topography The long-established principle that the degree of karstification is 
more pronounced in river valleys than on water divides does not agree with actual 
facts in China. In the Yunnan-Guizhou plateau and mountains of the border of 
Sichuan, Hunan and Hubei, it is generally found that karst is more strongly 
developed in water divide areas. This is probably due to the fact that these 
water divides belong to karst peneplains of old Tertiary age (or Pre-Tertiary) 

and karstification has continued from that time to the present, so that recent 
karst is superposed on old karst, resulting in more pronounced karst features both 
on the surface and underground. 


The correlation between caves and river terraces should be used with great caution. 
There are a number of caves in China where the altitude of caves does not corre- 
spond to that of river terraces. The reasons for this are varied and are enumer- 
ated in the Chinese text. 


(4) Deep Karst 
During the last two decades, a large number of deep caves, situated far below sea 
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level or the land surface, has been found in China. They may be grouped under 
four categories: 

1) Deep caves within recently uplifted plateaus or mountains in Guizhou, found 

at 400 m below the summit surface, whereas in northern Sichuan they lie at 800 m 
below the summit surface. They are mostly ver ical caves filled with clay or mud, 
probably corresponding to the clay filling stage of cavern development in an up- 
lifted peneplain. 

2) Deep caves close to sulfide ore bodies in pyrite, galena and copper ore regions 
of China, of which a line of deep caves is often found in the contact zone between 
carbonate rock and ore bodies. One deep cave in Anhui lies at -350 m. Evidently 
this is chiefly due to the fact that during the oxidation of sulfide ores, a large 
amount of SO, ions is formed which greatly increases the corrosive power of the 
ground water. 

3) Deep caves formed by pressure water with a steep hydraulic gradient or siphon 
circulation, such as caves at 10 or more than 100 m below the river bed in the 
gorges of the Changjiang and Wu jiang. 

4) Buried caves of ancient geological age. In a coal mine of central Guangxi, deep 
caves at -700 m were probably formed in the Permian. However, as they are located 
near the axis of a syncline, they still act as conduits of present ground water 
circulation. At present, these deep caves are largely void; however, some are 
filled with silt and silty sand which is not cemented and has distinct micro-cross 
bedding. This indicates that the ground water at such great depth is still a 
turbulent flow. Therefore, although products of the geological past, these deep 
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caves are continuously being reshaped by the present ground water circulation. 
Deep caves below the north China plain are probably of the same character. 


The origin of deep caves is attributed to the fact that ground water at great depth 
still possesses considerable corrosive power due to (1) relatively high velocity of 
deep ground water in favorable structure setting, (2) its high content of CO, (3) 
its comparatively high content of S04 ions and (4) the effect of mixing corrosion. 
The above factors are all substantiated by the Chinese data of veins, veinlets, 
networks and some drussy ores. The veins have the characteristics of fracture- 
filling and metasomatism accompanied by silicification and baritization. In such 
ores, commonly the pyrite is partly replaced by sphalerite which, in turn, is 
partly replaced by galena. Thus, the lead-zine ores of this district are mainly 
related to this mode of mineralization. Taken as a whole, the genesis of the ores 
of this district should be considered as syngenetic sedimentation superimposed by 
hydrothermal effects. 
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TITLE: "The Variation of Flood and Drought in the Latest Centuries in Eastern 
China” 


SOURCE: Nanjing NANJING DAXUE XUEBAO [JOURNAL OF NANJING UNIVERSITY], Natural 
Sciences Edition in Chinese No 4, 1979 pp 109-121 


TEXT OF ENGLISH ABSTRACT: The data analyzed in this paper were produced from the 
two historical climatic records seminars which were held at the Geophysical Depart - 
ment of Beijing University and the Meteorological Department of Nanjing University 
respectively in 1974 and 1977 under the auspices of the Research Institute of the 
Central Meteorological Bureau (now called the Academy of Meteorological Science 

of the Central Meteorological Bureau). The paper mainly analyzes the following 
topics: 1. Variability of flood and drought; 2. Persistence and int erchange- 
ability of flood and drought; 3. Periods and cyclic periods of drought and flood; 
4. Regional variation and types of flood and drought; 5. The variation and trend 

of flood and drought. 
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ORG; None 

TITLE; “Multiplex Photogrammetry - A Novel Reconnoitre” 
SOURCE; Beijing HATYANG [OCEANS) No 9, 15 Sep 80 pp 25-26 


ABSTRACT: Based on a recollection of the allied landing on Okinawa in 
1942 of the Second World War, the authors introduce the principles and 
performance theory of multiplex photogrammetry, where as much as nine 
filter lens covering a wide range of wavelengths are incorporated into 
survey cameras, which distinguishes all types of objects and variations 
at various depths of coastal sea water, and provides clear pictures 

of ocean floor topography , hidden reefs, and water depths, besides 
detection of petroleum pollution in oceans. It is r@ported that, in 
barely three years, China has successfully self-—developed two models of 
such cameras that cover the ranges of ultraviolet, visible and infrared, 


AUTHOR: JING Yuan [7234 8673) 

ORG: None 

TITLE: "Prof. Yu's Conversation on Space Survey Ships" 
SOURCE: Beijing HATYANG [OCEANS] No 9, 15 Sep 80 pp 29-30 


ABSTRACT: The author reports a visit to a certain ship design and 
planning laboratory, where Prof. Yu explained and illustrated witl. 
photographic slides, models and tape recordings the functions of such 
space survey ships as target survey ships, satellite tracking ships 
and space survey ships in the monitoring, remote control and communi- 
cation of intercontinental missiles and space crafts. The characteris- 
tics of radar antenna and ship stabilizingequipment, as well as the 
design of various facilities indispensible to such type of ships 

are also described. 
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